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ABSTRACT 


Electrophoretic methods were used to examine the degree of genic variation and genetic 
relatedness in 11 populations representing 6 species and subspecies of the genus Parus in 
Korea. 

The average degree of genic variation of 3 subspecies of P. major was Á=1.2, P = 24.4%, 
Hp = 0.042, and A¿=0.058, whereas the rest of the species showed slightly lower degree 
of genic variation than P. major. 

Genetic relatedness between subspecies and species in the genus Parus showed similar 
to those reported at comparable taxonomic levels in other birds. But it appears to be con- 
siderably less than that of non avian taxa. Genetic relatedness between 3 subspecies of P. 
major and P. varius varius was closely related (S=0.80), whereas between P. palustrius 
hellmayri and P. ater amurensis was relatively remote (S=0.67). 

The presumed divergent times of P. palustrius hellmayri, P. ater amurensis, and P. varius 
varius were about 1.8, 1.6, and 1.0 million years before present respectively, and 3 subspecies 
of P. major were recently differentiated about 100 thousands years before present. 
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ANEL 24% 219 ARES Y SHS ede] 2A 193531 UY Yang et al., 
1974; Yang & Patton, 1981; Yang & Park, 1982; Yang et al., 1984; Zink et al., 1987; Park, 1988; 
Dowling & Brown, 1989; Johnson et al., 1989). 

AS, Es E ASE Bar} poa gf SLE $ FAA 319-4 (Raikow, 1986) 
$339.21 oY? AAA Y 5229] use Ato] 439992 ALS ded act 
(Avise et al., 1980a, 1980b, 1980c; Barrowclough el al., 1981; Gutierrez et al., 1983; Zink & 
Johnson, 1984), 

HAL YPF (genus Parus) EFA EFE YA te} PHS Pesta we Esto] A 
e| Stc (Kleinschmidt, 1913; Kuroda, 1917). Kang(1962)2 3414119 TAS EUR ay 
Ak Bp AS 104 Y SLE 2359214 Won(1969) 2 Wetmore(1960)9] AA wur 
28% Y 0222, Won & Gore(1971) ie Y UA xs HE ALLE TER WSLS 
22390 47] 2349 E Y (2. major) 39, x-Eubel(P. varius) 2453 Wir 
age Won(1981) 2 Vaurie(1959) 9 243352 242 SS Esp ga sgte 
AN AE Kim et al. (1986) 2 AFEA YAS ANIS Y dguge LEA 
gary As $ 48 Apolo] FAS AE AS YOu AA FAR AA VSS Gb 
sz Won & Gore(1971) 9 EEE BEA YM (P.m. wladiwostokensis), AFA E 
Bb Al (Pm. minor) ERE 9b AA. 

2 ci Won & Gore(1971) 9] EFE NELE Bb (Parus major) 392 (HA (P.m. 
wladiwostokensis), AF YAM(P.»m. minor) Y LEMA (Pm. dageletensis)), A HA (P. 
palustrius hellmayri), AY (P. ater amurensis) R Yo] CP. varius varius) À) 6% Y 
eS TALE ARIEL ANS JES FAA Hol, ASR E ARAS Ya 


Aa 


xg 3 un 

APAE 19864 19 89138] 19884 109 222744 AS IA AAAA FAS 6 R 
oS 11A ast 159142 IE (654x123 FILE AAA 4123204 (Table 1), 
ARAA WAS 471952 May AB 54] dryice d FIFA AJAZ ta GE MA 
ye 239 NA, 24 Y 442392 Atty ABRE AESA ELLA 
EBAY LARA AA 242 4044 2459 R3) BSS 1:22 bo] glass 
homogenizer E “A 3t + %4)=]7] (Sorvall RC-5B, Roter SS-34) + o|-&- 39, 000g (18,000 
rpm) E 3024 AL 242930 yae YA o] YSIS AACS ABE ART, 
A735 "PH Selander et a/(1971) 9 Wee] ubeb FLARLA ANIES AMA LA 
o) mj AZAL 11.5969] connaught starch(Lot. No. 425-1) E 42434 %H 4143834] e18 
aA, 24398 Y AGS ZAS Table 29 xu 41935 pep Bet 4A SR AS 
ANS Wes Fat + BIOSYS program(Swofford & Selander, 1981) & o] 2319 Y 
E A 4 HAJAFA), FINE (P), JEAFANE(M E TARA. ei 
agarre ASA (H) 4 ASA (HE See TAA. JAR SATA 
a aA} Rogers(1972) 2} FRA ZAA (S)A Nei(1972) A FAA JADE Tet 


E 4 ode dm 
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Table 1 Collection localities, dates, and number of specimens of the genus Parus in Korea. 


HIH 22] HSM 


Species & Population locality 


Collection date 


No. of specimen 


Parus major wladiwostokensis 


1. Pupyong-ri, Chinjop-myon, Namyangju-gun, Kyonagi-do Jan. 19, 1986 
Mar. 24, 1988 
2. Onbyol-ri, Kangdong-myon, Myongju-gun, Kangwon-do Jan. 8, 1986 20 
3. Dongchon-ri, Samdong-myon, Namhae-gun, Kyongsangnam-do Oct. 10, 1986 1 
June 11, 1987 19 
4. Kumsong-dong, Tongrae-gu, Pusan-si Jan. 29, 1986 9 
Parus major dageletensis 
5. To-dong, Nam-myon, Ulrung-gun, Kyongsangbug-do Aug. 12, 1988 2 
Parus major minor 
6. Songpanak, Chochon-up, Pukcheju-gun, Cheju-do May 14, 1987 11 
7. Yongsil, Sogyipo-si, Cheju-do Apr. 16, 1988 16 
Parus palustrius hellmayri 
8. Pupyong-ri, Chinjop-myon, Namyangju-gun, Kyonggi-do Mar. 14, 1988 18 
Parus ater amurensis 
9. Pupyong-ri, Chinjop-myon, Namyangju-gun, Kyonggi-do Oct. 4, 1988 1 
Oct. 29, 1988 10 
Parus varius varius 
10. Pupyong-ri, Chinjop-myon, Namyangju-gun, Kyonggi-do Mar. 24, 1988 20 
11. Yongsil, Sogyipo-si, Cheju-do Apr. 16, 1988 20 


q 8) als} UPGMA HH 2 = dendrogram + 43 3+91+(Sneath & Sokal, 1973). zt el 
$ 2549] SHA FAL FAA Abo] Als JL Nei(1975)9 TAL 0] 2 AE 


a z 


144 EJELMA 2178 FAAS APT Y Z Y os AS Agl Es TA a 
+= Table 33} 2c}, 2178 Faz X Aco-2, Gdh, Got-2, aGpd-1, eGpd-2, Ldh-2, Mdh-1, 
Mdh-2, Pgm-1 € Pam-2 9 1074 +44(48%)+ A "db 23 Sls ela Ho] 
AAH. Acol 9 She F E due ae} ARIAS zo] AALA Wot way 
A «Siu. Est], Got-l, Idh, Mpi V Pei que] wel} SS] So 99) 94 Est-2, 
Ldh-1, Pept Z 6Pgd = “UA? Ba EY Ato] ae} ula apo zu. 

FAA HOVERS AFA (P. major minor) A=1.2, P=21.4%, Hp=0.058 Y H,= 
0.0612 AA 2 ub ADA (P. ater amurensis)7+ A=1.0, P=4.8%, Hp=0.004 Y H;— 
0.0042 AL ALE, ub .9.- Bal (P. major) 3 449 AM Bol A=1.2, P= 
24.4%, Hp=0.047 Y HB¿=0.0582 uw 3220 zu. 04H 32 E 2E¿Y0 (2 
varius varius) 9] FAA Hol? SB (P. palustrius hellmayri) Y AYA (P. ater amuren- 
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Table 2. Buffer systems and stains for electrophoresis. 


Buffer E.C. No. Isozyme Volt/Time 
Continuous tris citrate Il 1.4. 1.2 Glutamate dehydrogenase(Gdh) 110 V/3 hrs 
(TC Il, pH:8.0) 2.6. 11 Glutamic oxaloacetate transaminase(Got-1,2) 

1.1. 1.8 aGlycerophosphate dehydrogenase (aGpd-1,2) 


11. 1.42 Isocitrate dehydrogenase(Idh) 
1.1. 1.37 Malate dehydrogenase(Mdh-1,2) 


5.3. 1.8 Mannose phosphate isomerase(Mpi) 

5.3. 1.9 Phosphoglucose isomerase(Pgi) 

2.7. 5.1 Phosphoglucomutase(Pgm-1,2 
Continuous tris citrate I 42. 1.3 Aconitase(Aco-1,2) 170 V/1.5 hrs 
(TC I, pH:6.3) 
Discontinuous tris citrate 1.1.1.27 Lactate dehydrogenase(Ldh-1,2) 200 V/3 hrs 
(Poulik, pH:8.2) 3.4.11.11 Peptidase(Pept) 
Lithium hydroxide 3.11.1 Esterase(Est-1,2) 300 V/3 hrs 
(LiOH, pH:8.1) 
Tris maleic EDTA 1.1. 1.44 6-Phosphogluconate dehydrogenase (6-Pdg) 100 V/4 hrs 
(TM, pH:7.4) 
Phosphate 1.1. 1.14 Sorbitol dehydrogenase(Sdh) 130 V/3 hrs 
(pH:7.0) 


*E.C. No.:Enzyme commission number 


Table 3. Allele frequencies of the genus Parus in Korea. 


BEND SSXKS.. a ——M—— 


P.m. wladi. P.m. dagel. P.m. minor  P.p. hell. P.a. amur. P.v. var. 
Locus allele 
1 2 3 4 5 6 7 8 9 10 11 

Aco-1 a 1.00 

b 1.00 100 100 1.00 1.00 100 100 1.00 1.00 1.00 
Aco-2 a. 1.00 100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Est-1 a 0.25 0.05 0.03 

b 1.00 1.00 1.00 1.00 0.75 0.95 0.97 

c 0.03 

d 1.00 0.97 


1.00 


m 0 


1.00 


Table 3 (Continue) 


Est-2 


Gdh 
Got-1 


Got-2 
aGpd-1 
a Gpd-2 
Idh 


Ldh-1 


Ldh-2 
Mah-1 
Mah-2 
Mpi 


Pept 


6-Pgd 


Pgi 


Pgm-1 
Pgm-2 
Sdh 


aa 


v y» 


c 9 o o 


S q 


ur. GL RAR (ES, MED) RRO} ASAS 
0.14 
0.21 0.07 0.07 0.25 0.50 0.03 
0.79 0.93 0.93 1.00 0.75 0.36 0.97 
1.00 
1.00 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
0.04 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.96 
1.00 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
0.12 0.19 0.10 0.41 0.31 
0.88 0.81 0.90 1.00 1.00 0.59 0.69 
1.00 1.00 
100 1.00 1.00 1.00 1.00 100 1.00 1.00 1.00 
100 1.00 1.00 1.00 1.00 100 1.00 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.94 1.00 
0.06 
0.22 0.20 0.50 0.50 0.27 0.06 
1.00 0.78 0.80 0.50 0.50 0.73 0.94 
1.00 
0.81 
0.19 
0.05 
1.00 0.93 0.97 1.00 1.00 1.00 0.88 0.92 
0.07 0.03 0.12 0.03 
1.00 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.03 1.00 
0.97 
100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
1.00 1.00 
1.00 1.00 1.00 1.00 1.00 100 1.00 


0.88 
0.12 


1.00 


1.00 


1.00 
1.00 
1.00 
0.07 
0.93 


1.00 
1.00 
1.00 
1.00 
1.00 


0.03 
0.97 


0.97 
0.03 


1.00 


1.00 
1.00 


1.00 


21 


0.05 
0.95 


1.00 
1.00 
1.00 
1.00 
0.93 
0.07 


1.00 


1.00 


1.00 


1.00 
1.00 
1.00 
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Table 4. Genic variation of the genus Parus in Korea. 


Mean No. of % Polymorphism Mean heterozygosity 
alleles per per population per individual 
locus (A) (P) (Hj) (Hj) 

P. m. wladiwostokensis 

1. Namyangju l 1.1 9.5 0.024 0.027 

2. Myongju 1.2 19.0 0.049 0.046 

3. Namhae 1.2 19.0 0.029 0.034 

4. Pusan 1.0 4.8 0.037 0.029 
P. m. dageletensis 

5. Ulrung 1.2 14.3 0.048 0.079 
P. m. minor 

6. Pukcheju 1.2 19.0 0.061 0.078 

7. Sogyipo 1.2 23.8 0.054 0.044 
P. p. hellmayri 

8. Namyangju 1.2 19.0 0.013 0.031 
P. a. amurensis 

9. Namyangju 1.0 4.8 0.004 0.004 
P. v. varius 

10. Namyangju 1.2 19.0 0.014 0.022 

11. Sogyipo 12 23.8 0.024 0.041 


sis) 2c} uu AD AS Bt SAS xepg xi A=1.2, P=16.0%, Hp=0.032 Y 
H,=0.0399 (Table 4). 

Table 39] dela um 9] 239 Rogers(1972) 9 FAA HAAA Nei(1972)9 +4 
A AeA Fa de Table 59 EU. (P. major) HF E ad x tda Y 
A (P. major wladiwostoensis) "t $—0.98, AF YM (P. major minor)7+ S-0.95231 wr Y 
A (P. major) 3 4% zb Bet AAE $-0.969.& Mel ofS up du A Taz epe 
7 ZAAR ARA dear do YS LES Ju ab SAA (S=0.92)2% 4 = 
AR Ez Fag zen CEOs VA 3 oo] S=0.802£2 AY FALA AA 
ayo} AAZ S=0.672 AS Bac, 459 Bat E zt eae S=0.724 3H, 

Table 59 $444 iz] dendrogram + 44319 47] 6% Y 929 FAA HAD 
AS Geb A (Fig.1) 44 3020] $-0.959]A] AA FHA group & YA RL E 
zu"elzb S=0.80e 4 47] group Y ZRA group & JAIA. QA AA (P. ater 
amurensis) 2+ AA (P. palustrius hellmayri) E 4 4 S=0.71 Y $-0.689l4] group + Y 
aka ch, 


NA SY obs Bo] sags He A (Fig2) 9b 1808 R 1609bd Aol 2H) 
x al EIA oF l00bd cde] A (P. major) + Zeno] Rss ALE Re 
AO Mal ZFS watz altel o 1004 A Fa] BS ACE FA, 


UR (AS, SHIH ARO] ASAS 23 


Table 5. Rogers' (1972) genetic similarity coefficients (S, above diagonal) and Nei's (1972) genetic distance coefficients 


(D. below diagonal) of genus Parus in Korea. 


P. m. wladiwostokensis 


1. Namyangju 0.97 098 096 096 095 097 0.67 072 O81 082 

2. Myongiu 0.00 0.99 0.97 095 0.96 0.98 0.68 071 080 0.80 

3. Namhae 0.00 0.00 0.98 096 0.95 0.98 068 0.71 080 0.80 

4. Pusan 0.02 001 001 0.98 094 0.96 067 069 0.79 079 
P. m. dageletensis 

5. Ulrung 0.02 001 0.01 001 0.94 094 068 0.70 080 0.80 
P. m. minor i 

6. Pukcheju 0.00 0.00 002 003 002 0.95 069 071 0.81 0.81 

7. Sogyipo 0.00 0.00 0.00 0.02 002 002 0.67 0.72 0.81 0.81 
P. p. hellmayri 

8. Namyangju 0.39 0.38 0.39 0.39 037 0.36 039 0.67 0.72 0.69 
P. a. amurensis 

9. Namyangju 0.32 033 033 0.36 034 032 032 039 0.76 071 
P. v. varius 

10. Namyangju 0.20 0.20 0.20 0.22 021 0.18 0.20 032 027 0.92 

11. Sogyipo 0,19 0.20 0.220 022 020 0.18 019 035 033 0.06 


ae 


0.7 10 


. wladiwostokensis (Namyangju) 
. wladiwostokensis (Myongju) 
. wladiwostokensis (Namhae) 
. minor (Sogyipo) 
. wladiwostokensis (Pusan) 
. minor (Pukcheju) 
; dageletensis (Ulruna) 
. varius (Namyangju) 
varius (Sogyipo) 
. amurensis (Namyangju) 


. hellmayri (Namyangju) 


Fig. 1. Phenogram of the genus Parus in Korea based on Rogers's value and UPGMA method. 
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P. major wladiwostokensis 
P. m. minor 

P. m. dageletensis 

P. varius varius 


1.80 


P. ater amurensis 


P. palustris hellmayri 
ed 


1 O 0 A 0 Million year 


Fig. 2. Estimsted divergent times among 6 subspecies and species of the genus Parus in Korea using Nei's formula 
(Nei, 1975). 
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al 


2 148 as IP major) 399 FAA HVE 249 GAA FAA ARES 
21139 133 (Barrowclough & Corbin, 1978; Avise et al., 1980a, 1980b; Yang & Patton, 1981; 
Zink 1982; Zink & Johnson, 1984; Barrowclough et al., 1985; Marten & Johnson, 1986) d 
uou dg Pa ze] S-0.95 ALB MP ENE, oS a 3450] $a 
Bao Arto] ax 8324 Aaa Ado] 917] LE +424 (Soule, 1976). Atal (P. 
palustrius hellmayri), YA (P. ater amurensis), EE (P.varius varius) A FAA Y 
ade eue AF E 7 FAA 2439 TALH (Zink, 1982, 1988; Zink & 
Johnson, 1984) FAJ Bolger} we AE due] 277 PMA 47] uie] Wu 
E CAA BES] Mela ALE gA (Nei et aL, 1975; Yang & Patton, 1981), 

eub. AE ze PAALI vd 71719 (Avise et al., 1980a, 1980b, 1980c; 
Barrowclough et al., 1981; Gutierrez et al., 1983; Zink & Johnson, 1984; Johnson et al., 1989) 
29 42 EX GAR Y E4%Y Adz (Avise & Aquadro, 1982) HE E xt 
(Barrowclough & Corbin, 1978) 24329 tr, Je 259 2237 uA Atoll 
us] 4139579] (Yang €: Patton, 1981; Zink, 1982) WE Aa cebat BAe YA 41535] 
$37] ez 20 (Raikow, 1986), V34 Yas ARE FARLE AAS ALB Ho 
alto] tai ALS dà. 

Lee & Lee(1989a, 1989b) = J=4+ JS 449] BSS X AW OH W AAAA 
AE Al (P. major wladiwostokensis) 9b =1YA (P. ater amurensis), 183 ABYA (P. 
palustrius hellmayri) YA xol (P. varius varius) 7t FAS Z GRANMA E AS A 
ahah 7} +43 825] C-banding 24 ARE 44 23 BS AMMA ZoJ BAA AS 
Wax, 0% 22 2 xb 94399 Aol = 5x1 AAAA pericentric inversion == HAAA 
2} translocation e] 9]3t AAA AMAJ AJE FEE A Act, JALE Bop ARA ovp 
AS xe] BYE JAA we] mo] HIAAS ALE FAN, 

, SS NoE Y 1004 Ae] 5H R 49949 Hols, Aee e 1608 Hd Ad Z 


St. BY OBRAR BELA ( AM SA) ARO) Al SAS} 25 


AAA Holz, agr 9% 8043 del 5x3 Y 4994439 Wo] ze 47 TA 
€ ALE Ausus ais Hoge 47] 3880 EL ALE Bol 47] 3% 
Bao A] HSS] QS alt, am » SPA (P. major wladiwostokensis) 2+ AFA] " 
major minor) = ut. atoJ7t qe ALE Wo}(Lee & Lee, 1989a) “Ha 3022 
d elc JARA apo JH Sgpuope Pre ALE ENT, 

& % şad $442 molecular clock 4 (Sarich, 1977; Wilson et al., 1977; Thrope, 
1982) “AE 4972 ETA ate} Hatch. Yang & Patton(1981) 2 'du]ab xb] 
= (Passeriformes) = Galapagos finch Y EHAWE Nei(1975) 9 +3) 1 EFA t= 
5X10°D(D=Nei’s D, 1972)2 45% wg Gutierrez et al.(1983)2 2) 4b E Order 
Galliformes) 4) t—26.3X10*D =, Marten & Johnson(1986) + t=19.7X10°D E z]zb E 
SAAS 14239 Ed ETA] ubeb oup o]ab 23909] apo] 7} Way atc. 384 
Het Edd METAIS SES EO«4pipREGG ipe] Bae ASF e 
‘teh (Sarich, 1977; Zink, 1982), Y LINE Nei(1975) EA AFZAL aeaa 
+ od Ast ARA AAS, MAS ARE UA PMES Rana + (Yang et aL,1988) Y 
Hyla + (Yang & Park, 1988) 9 ER ato] 23939 422 usu. 


RE 


2 e 


URA FAA (Parus) 6% Y oS 11A du MAE ARB ANJEL 
AA, les] ASEH I FEJE SAA, HHA (P. major) 3022 Bt 
TAA HARE dg 279 FAQ Bol yes AAE PAL 
472] $2 HABER Batch, ba STE a zt EA Bag ox 
dae 33 S=0.95 s]Ape s ELLA ol Se QUA Teas} os zt za 
AR Frida Fade MP major) A EERPI(P. varius varius) Y 
AM 2447 S=0.8022 AU SAT AFA (P. palustrius hellmayri) $ A 
BN (P. ater amurensis)7+ S=0.672 AU Sod, 4X ZE LAS zd 
5=0.722 Jud 279) SAA} PATA ls] Bagge age 
AM AE oF 18023 Ao] Mls ARA ZERO ERAN & 
499 2% aye eboq60sbd A, gaoli of 100 Ho] zz} 23 
HYD PA SSS eb ONA ARA ERAS zo sage, 
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